Some machining process requires coolant to reduce the cutting temperature and helps to flush away the chips from the cutting zone. However, conventional flood coolant possesses some issues towards workers and the environment, regarding health and waste management. The implementation of Minimal Quantity Lubrication (MQL) as an alternative technique seems to be promising although the effectiveness of this technique were influenced by several factor. In turning process for instance, the distance of nozzle to the cutting zone contributes to the variation of machining performance. This study is to compare the effect on cutting performance between two internal MQL nozzle designs. The cutting tool holder were modified to have two internal MQL oil channel. The oil channel design were tested and the performance was evaluated in terms of cutting speed and cutting temperature for different cutting speed, feed rate and depth of cut. The result shows that the single channel performs better in terms of cutting force while dual channel significantly improve the cutting temperature.
Introduction
The application of coolant significantly reduces the cutting temperature and flushing away the chips from the machining area. However, it is widely known that cutting fluids have an impact on environment and human health [1] . Therefore, it is essential to reduce the consumption of these fluids without imparing the tool life.
Obikawa et al. [2] have done a study on computer fluid dynamics analysis for efficient spraying of oil mist in finish-turning of Inconel 718. They found that distance from outlet of ordinary nozzle to the tool tip is too long so the sprayed air could not keep high pressure and high speed. Gaitonde et al. [3] have done a study on selection of optimal minimum quantity lubrication (MQL) and cutting conditions for enhancing machinability in turning of brass, to determine the optimum amount of MQL and the most appropriate cutting speed and feed rate during turning of brass using K10 carbide tool. As the result, they found that feed rate is the most dominant parameter followed by MQL and cutting speed in optimizing the machinability characteristics However, the importance factors on how to use MQL with optimum and effective must be concern. Inappropriate nozzle position and location will cause a large fraction of oil spray and waste the lubricant. All of these effects may cause tool wear, high cutting temperature, poor surface finish and decrease tool life. The objective of this study is to investigate the effect of nozzle design for MQL spraying for turning process in term of cutting force and cutting temperature.
Methodology
The nozzle was fabricated on the Mitsubishi turning tool holder (MT0NR2525M22N). It consists of two channels embedded into the tool holder. First channel was fabricated at the top of the insert stud, so called the primary channel. Meanwhile, the second channel was below the flank face of the tool holder as shown in Fig. 1 . As seen in Fig. 2 , single channel will only allows the lubricant to flows through the primary oil channel only. The terms of dual channel means that the lubricant flows via both primary and secondary oil channel.
The experiment was conducted on the NC lathe machine. A dynamometer, thermocouple set and software for data acquisition were prepared to record the cutting force and temperature results. One PC was connected to the Kistler 9257 BA dynamometer while the other was connected to the thermocouple set up. A K-type thermocouple was embedded 1 mm from the cutting tool edge of the Sumitomo TNGG220408R cemented carbide insert. Table 1 shows the input parameters of cutting speed (Vc), feed rate (fr), and depth of cut (doc). The machining process was performed MQL technique using a synthetic ester as a lubricant. The lubricants were supplied by the Ecosaver KEP-R device with the output pressure of 0.4 MPa. 
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Results and Discussion
Cutting Force. Figs. 3 and 4 show the effect of cutting speeds, feed rates and depth of cuts on cutting force for various nozzle designs. It was noted that as the cutting speed increases the value of cutting force decrease. At 0.15 mm depth of cut, the value of cutting force for single channel is lower than dual channel in the range 100 -250 N. In addition, at the depth of cut of 0.30 mm, the cutting force ranges between 200 -470 N. Chip-tool contact area and shear strength of the material in the primary shear zone could influence the cutting force result. Higher thermal softening is generated due to the increasing of cutting speed and it will cause the workpiece become weakened rapidly [4] .
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Maximum values of the cutting forces at depth of cut 0.15 mm for single and dual channel are 251.61 N and 323.95 N respectively. Furthermore, the highest cutting forces at depth of cut 0.30 mm were 458.54 N and 470.7 N for single and dual channel respectively. These maximum values of cutting force were obtained at feed rate 0.35 mm/rev as anticipated. Single channel recorded lower cutting force compared to dual channel condition. Single channel provided laminar flow of oil mist that good for machining processes. Meanwhile, dual channel produces turbulent flow of oil mist due to collision from different direction of the flow of oil mist. Dual channel was also divided the pressure into two sections, one channel supplied to the rake face and the other supplied to the flank face. The effect of oil mist is very sensitive and changes with mist diameter, nozzle orientation and flow rate [5] . Single channel supply at the depth of cut of 0.15 mm, increasing of cutting speed from 100 to 220 m/min will increase the cutting temperature up to 140.16 ⁰C. Meanwhile, for the dual channel, the maximum temperature obtained was 110.28 ⁰C, under the same depth of cut. The depth of cut of 0.30 mm recorded the highest temperature of 184.51 ⁰C and 166.44 ⁰C for single and dual channel respectively. Friction that occurs in machining process will cause the rise of energy at the cutting zone. The energy is converted to the heat and will lead to the high cutting temperature. It was observed in Fig. 5 that as the feed rate increases machining temperature increase. Single channel recorded the temperatures in the range between 49 ⁰C to 140 ⁰C. Meanwhile, for dual channel, the temperature ranges from 41 ⁰C to 110 ⁰C. At depth of cut of 0.30 mm (Fig. 6 ), the temperature was in the range of 79 -185 ⁰C and 66 -167 ⁰C under single and dual channels condition, respectively. With the increase in feed rate, section of chip increases and consequently friction increases [6] . High feed rate also produce more stress during deformation and lead to high temperature. For the both condition, dual channels produce lower temperature than the single channel. This can be attributed by the direction of oil mist supplied to the cutting zone. The temperature was significantly reduced when the lubricant is supplied to both rake and flank face compared with the lubricant that only supplied either to rake face or flank face [7] .
Conclusions
The main conclusions drawn from this research can be summarized as follows:
i. In this work, internal cooling channels have been designed with the objective to provide an optimal lubrication. ii. Single channel recorded lower cutting force than dual channel. The laminar flow produced via single channel allows the tiny particles penetrate into the cutting zone thus reduced the cutting force. iii. Dual channel significantly reduced the cutting temperature due to sufficient cooling ability at the cutting contact zone. 
